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Abstract 
A numerical simulation method for the wind field over complex terrain was developed. The complex terrain was represented by a 
surface, which was established by the surface spline method based on the contour line of the map. Then it was divided into panels 
containing vortex ring singularities. The singularity distribution was solved by combining with the potential flow theory and the 
boundary condition of terrain surface. Finally, the wind filed was simulated by linear superposition of uniform stream and 
induced velocity of vortex rings. An example was studied, and the result was also compared with Weather Research and 
Forecasting (WRF) method. It indicates that the method proposed could describe the terrain much more accurately and provide a 
reasonable result of wind field distribution. 
© 2014 The Authors. Published by Elsevier Ltd. 
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1. Introduction 
The wind is a key fact for human flight, which is always affected by the climate and the terrain in the flight region. 
As a large country, the terrain in China usually varies with the extensive territory and various topography. Therefore, 
the simulation works on the terrains and the wind fields of the flight region are so essential for the aircraft route 
planning, flight simulating, also important for the flight safety. The analysis model that developed from atmospheric 
dynamics could be used for weather predicting, but is not satisfied for flight simulation, because of the heavy 
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computation and complicated process. A wind field could also be estimated by an experiential way [1]. However, it 
is still difficult to use for the engineering purpose, because of the poor accuracy and the verbose iteration flow. In 
this paper, a non-planar vortex lattice model is established according to the height data of terrains. The complex 
shape of the terrain is simulated by a serial of spatial lattices, and the effect on the wind field is represented by the 
induced velocity of these vortex lattices. 
2. Theory 
Based on the coordinates and the height of several discrete points on the terrains, a smooth surface is obtained by 
surface spline method, which could describe the terrains precisely. Then, this surface is divided into a finite number 
of panel elements. Each element contains a vortex ring, whose four segments coincide with the edge of the panel 
element. Finally, the appropriate arrangement of the vortex rings is solved by adopting the potential flow theory and 
the Neumann boundary condition of aerodynamics. Furthermore, the corresponding wind field that considering the 
effects of the complex terrains, is represented by the induced velocity field of the vortex lattice element. 
2.1. Complex terrain modeling 
Figure. 1 shows the complex terrain simulates steps by surface spline function. The coordinates and the height 
data of several discrete points is picked up from the contour map. Then, a smooth surface is obtained by surface 
spline method. 
Fig. 1.  The complex terrain simulate steps by surface spline function 
The coordinates and the corresponding height data that picked up from the contour map are represented as, 
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where, c1,c2…c3+n are undermined coefficients, and ε is an empirical parameter, which is chosen according to the 
practical situation. Those undermined coefficients are solved by the governing equations (3),  
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Equation (3) is then expressed in matrix form as, 
1 1m m m mu u u A C H
 
The solution of the coefficient collection is, 
  (4) 
The complex terrain is divided into a number of quadrangle elements (the number is m). According to the spline 
function, the height data of the grids could be predicted by Equation (5). 
   (5) 
The first partial derivatives of the coordinates could be written as, 
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2.2. Wind field modeling 
As the surface of complex terrain is divided into a serial of panel elements, Vortex rings are arranged coinciding 
with the edge of each element. The strength is solved by combing with the ground boundary conditions, and the 
induced velocity is also obtained. 
According to the Biot-Savart law, the velocity at the collocation point of the ith element that induced by the jth 
vortex ring is given as Equation (7), 
 ij ij j *V W  (7) 
Where, 
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, , , ,Gj k Gj k Gj k Gj kix jy kzU     
A symmetrical lattice model is adopted to produce proper ground boundary condition for the area that outside the 
flight region. The induce velocity of the jth image vortex ring could be expressed like Equation(8). 
 ij ij jc c *V W  (8) 
where, 
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Fig. 2.  Geometric relations between the original vortex ring and the image one 
Consequently, the induced velocity at the collocation point of the ith element considering all the original and 
image vortex ring is given as, 
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Combing with the boundary condition at the collocation point of ith panel element, there is, 
 0 0i i  V V n  
where, V0=[v0x,v0y,v0z]T is the velocity of the free stream, ni=[nxi,nyi,nzi]T is the normal vector at ith panel element. 
Express the equation with the components, there is, 
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Then, the boundary condition function of all the panel elements is obtained, and expressed in matrix form as, 
0AIC  A Γ A  
Where, AAIC is matrix of the aerodynamic induced coefficients, A0 is a constant column. Evidently, the solution of 
the vortex strength is given as Equation (10). 
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 1 0AIC
 Γ A A  (10) 
As the locations and vortex strength are already solved. Then, the velocity at an arbitrary point, which is induced 
by all the vortex rings, could also be solved easily. For the whole wind field, the wind velocity equals 
summarization of the free stream velocity and the induced velocity. 
0P Pi W V V  
3. Example 
Jiuzhaihuanglong airport is one of the plateau airports in China, and it locates on the central area of Jiuzhai 
Valley National Park, Huanglong and Muni Valley, where is the east area of Qinling Mountains. The altitude of 
airport is 3448 m above the sea level. The flight environment of this airport, especially the wind field nearby the 
airport, is high affected by the terrains. Therefore, it is one of the most extreme and dangerous airports in China. In 
reference [2], the Weather Research and Forecasting (WRF) Model is adopted to simulate the complex flow over the 
Jiuzhaihuanglong airport. The size of the simulating area is 38 km × 24 km. The simulation result of the wind field 
around the Jiuzhaihuanglong airport on 9th Nov. 2006 is illustrated in the reference.[3,4] In this paper, the wind 
field around the Jiuzhaihuanglong airport is solved by the simulation method mentioned above. 
 
Figure. 3 .Three dimension topographyis of Jiuzhaihuanglong airport 
Based on the data of the Contour map, three-dimensional topography is obtained as shown in Figure 3. And the 
simulation result at the altitude of 4000 m is shown in Table 1. Where, the horizontal wind field is expressed by 
wind vector field, and the vertical wind field is expressed by isanemone. The feasibility of the simulation method 
will also be verified, by compared the simulation results with the WRF model.  
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Table 1. Comparison of the simulation results at the altitude of 4000m 
 Vortex lattice model WRF model [2] 
Horizontal  
wind field 
  
Vertical 
 wind field         
 
 
 
The figures both obtained by the vortex lattice model and the WRF model show that, there exists several blank 
areas, where locate the mountains that higher than 4000 m. The airstream flew round the peaks through the valleys, 
it could be seen obviously in the horizontal wind field of 4000m. In vertical wind field, obvious downdraft could be 
found in the leeward area of the terrain. The entrance and exit of the valley appears updraft and downdraft, 
representatively, and the speed is changed obviously. 
Meanwhile, the viscosity of the airflow and other meteorological factors are not considered in this paper, so there 
exists several differences in details when comparing with the WRF simulation results. However, it does not affect 
the overall simulation feasibility for the engineering use of flight dynamics. 
Table 2. The simulation results at the altitude of 4600m, 4300m and 3800m 
 Horizontal wind field Vertical wind field 
4600m 
  
4300m 
  
3800m 
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Table 2 shows the simulation results at the altitude of 4600m, 4300m and 3800m. These figures shown that, the 
wind field near Jiuzhaihuanglong airport is seriously influenced by the topography. Even at a higher altitude, the 
airflow is raised at windward slope, and declined at leeward slope, when horizontal airflow across the peaks. 
4. Conclusion 
Based on the vortex lattice method, numerical simulation method of the wind field over complex terrain has been 
developed in this paper. Complex terrain is simulated by morphological interpolation. Numerical simulation of the 
wind field over Jiuzhaihuanglong airport is processed, and the results were compared with the WRF simulation. The 
conclusions are summarized, 
1. Simulation results obtained by the method developed and WRF wind field simulation results are basically the 
same, although there are differences in some details, which does not affect the feasibility of the simulation method.  
2. As the ideal inviscid flow assumption is adopted, and the effect of complex terrain on wind field is represented 
by the induced velocity of vortex rings, this method could simulate wind field outside the boundary layer of the 
mountains appropriately.  
3. The simulating progress is very simple, and has lower computational complexity. Furthermore, it could give a 
more reasonable distribution of the wind field, which is satisfied for engineering use of flight dynamics. 
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